ABSTRACT Although the corn leafhopper Dalbulus maidis (DeLong and Wolcott) is the most important vector of maize pathogens in Latin America, little is known about how and where it overwinters (passes the dry season), particularly in Mexico. The objectives of this study were (1) to monitor the abundance of D. maidis adults throughout the dry season in maize and maize-free habitats and (2) to determine where and how D. maidis adults, exposed or nonexposed to the maize pathogen Spiroplasma kunkelii Whitcomb, overwinter in a maize-free habitat. Work for the Þrst objective was done during the two consecutive dry seasons of 1999 Ð2000 and 2000 Ð2001; the second objective was done during the dry seasons of 2003Ð2004 and 2005Ð2006. During the dry winter seasons, D. maidis was prevalent as long as maize was present in irrigated areas. The leafhopper was found in 52 of the 58 irrigated maize Þelds sampled in Mexico at the end of the dry seasons of 1999 Ð2000 and 2000 Ð2001. However, leafhopper adults were not found in nonirrigated maize-free habitats at high elevation during the dry winter season (February, March, and April), although leafhopper adults were prevalent on perennial wild grasses in January after maize harvest. Additional experiments revealed, however, that corn leafhopper adults, although few in number, survived the entire dry season in these nonirrigated maize-free Þelds. Also, no detectable difference in survival existed between leafhoppers exposed and those not exposed to S. kunkelli during the two dry seasons in the maize-free habitat.
however, the leafhopper transmits three pathogens of major importance: the maize rayado Þno maraÞvirus (MRFV), the maize bushy stunt phytoplasma (MBSP), and the corn stunt spiroplasma (CSS; Spiroplasma kunkelii Whitcomb) (Nault 1980 , 1990 , Nault et al. 1981 . Maize and its congeners, the teosintes (Zea), are the only known developmental Þeld hosts for D. maidis and D. elimatus (Ball), whereas other species within the genus Dalbulus usually thrive on gamma grasses (Tripsacum) year round (Nault 1990) .
Mexico is the center of origin of the genus Dalbulus (Nault 1990) .
Dalbulus maidis population densities reach their peak during the wet (summer) season. However, when maize and teosinte senesce and die off at the end of the growing season, the habitat of the corn leafhopper is not known in regions where corn is not irrigated. The situation is different where maize is grown under irrigation; in Mexico, this is usually at elevations Ͻ1,000 m. Here, two or more overlapping crops are grown, with irrigation supplying water during the dry season and rainfall during the wet season. Corn leafhoppers have maize available as a host year round. In Mexico, each year, ϳ700,000 ha of maize are grown with irrigation (SAGARPA 2006) (Fig. 1) . Previously, Nault (1990) found D. maidis adults on irrigated maize in Mexico in the states of Morelos and Veracruz, whereas Power (1987) observed adults on irrigated maize in Nicaragua. However, it has not been studied whether D. maidis is prevalent in similar habitats throughout Mexico.
At high elevations (Ͼ1,000 m), maize usually is grown only during the wet season (MayÐOctober). This is where most maize is grown in Mexico, Ϸ6,1000,000 ha (SAGARPA 2006) . In these regions, the corn leafhopper is deprived of its Þeld hosts during the dry winter months when maize has died off (NovemberÐApril) . It is not clear whether D. maidis survives in these Þelds. Greenhouse and laboratory experiments conducted by Larsen et al. (1992) suggested that corn leafhoppers "overwinter" locally, because they can survive at least 2 mo in the absence of the maize host plant. However, ßight behavior studies conducted by Taylor et al. (1993) suggested that the corn leafhopper can travel for long distances. Hence, D. maidis may move elsewhere during the dry season. Furthermore, maize seedling may be recolonized by D. maidis populations ßying in from irrigated lower elevation maize Þelds. Data from Þeld observations as described herein can help identify where and how leafhopper adults pass in maize and maize-free habitats during the dry seasons in Mexico.
In this study, we surveyed for the presence of corn leafhopper adults during the dry season in irrigated and nonirrigated regions throughout Mexico. Furthermore, we provide evidence that D. maidis adults can overwinter locally without maize hosts plants and that this overwintering capability is independent of previous exposure to CSS of D. maidis. Dalbulus maidis adults were collected from maize in September 2003 in Zapopan and given an oviposition period of 3 d. Hatched nymphs were reared to healthy adults. These adults were divided into two groups. One group was exposed to maize infected with CSS for 72 h, whereas the other group was maintained on healthy maize plants. Adults from these two treatments were released in the emergence cages on 6 November 2003. Each cage had 100 adults, and for each treatment, i.e., CSS-exposed and nonexposed, six replicates were included.
Materials and Methods

Colima
Starting on 13 May 2004, after the end of the dry season, young maize seedlings were introduced. Pots were replaced at 2-wk intervals until 8 July 2004. Furthermore, cages were equipped with two doublesided yellow sticky cards for capturing corn leafhopper adults that did not go to the maize seedlings. Each card (19 by 19 cm) was hung 50 cm above the ground and was replaced weekly until 8 July 2004. Cards and maize plants were replaced simultaneously and inspected for D. maidis. A MannÐWhitney U test was used to compare numbers of CSS-exposed and -nonexposed D. maidis on the sticky yellow cards.
The above exclusion experiment was conducted a second time during the 2005Ð2006 dry seasons in the same Zapopan location. However, this time, we had three treatments: three cages that each had 200 leafhoppers exposed to CSS; three cages that each had 200 leafhoppers that were not exposed to CSS; and three cages without leafhoppers. The experiment was conducted in the same way as described above, except that leafhoppers were introduced into the cages on 11 November 2005, and two pots with maize seedlings and two yellow sticky cards were introduced into the cages from 3 May to 7 June 2006.
Results
Dalbulus maidis Is Found in Irrigated
Maize-Growing Regions Throughout the Year. We found D. maidis on irrigated maize Þelds in Colima (495-m elevation) and El Grullo (880-m elevation), where maize is grown year round, during the entire dry season ( Table   Table 1 (Table 2) . Later, in December, when maize plants had completed died off (i.e., no green leaves), 13 adults in the Þrst year and 4 in the second year were captured from the common perennial grass Cynodon plectostachyum (Schum.) Pilger. Although C. plectostachyum had green foliage throughout the year, only Table 1 for location, state, and date of sampling.
one female was caught in January of the Þrst year, and no individuals were found throughout the rest of the maize-free dry season. However, female and male D. maidis were found in late May and June on newly planted maize seedlings.
In Zapopan, maize ears were harvested in early October, and the remaining maize foliage completely dried within 4 wk. Therefore, D. maidis was deprived of its major host plant by early November. By late November, no D. maidis was found in maize Þelds with dry maize plants. However, in the Þrst year, 14 adults were caught among the grasses bordering the dried maize Þelds; in the second year, 3 adults were caught ( (Fig. 5) . Only 2.0% of leafhopper adults exposed to CSS and 1.5% of leafhopper adults not exposed to CSS survived the dry season in 2004, whereas in 2006, only 0.83% of leafhopper adults exposed to CSS and 0.83% of leafhopper not exposed to CSS survived the dry season. However, we never found leafhopper adults on pots with maize seedlings introduced in the cages to attract surviving adults. Furthermore, no nymphs hatched from the maize seedlings when these seedlings were transferred to the greenhouse for further monitoring. As for the control cages into which no leafhoppers were introduced at the beginning of the dry season, no leafhoppers were found on the sticky cards and maize seedlings during May and June 2006 (Fig. 5) . This indicates that the cages were insectproof, preventing access to D. maidis from outside. Therefore, the surviving adults in the other cages were most likely derived from the leafhopper population that was introduced into the cages at the beginning of the dry season. Hence, this experiment clearly showed that D. maidis can survive for several months under natural conditions in the Þeld in the dry season in the absence of the maize host. No signiÞcant differences were found between numbers of surviving CSS-exposed and -nonexposed adults throughout 2004 (U ϭ 27.0, P ϭ 0.54) and 2006 (U ϭ 11.5, P ϭ 0.81).
Discussion
Our results showed that D. maidis is prevalent in irrigated maize-growing areas where maize is grown during the entire year in Mexico. We also found that D. maidis population sizes declined to undetectable numbers in nonirrigated areas where maize hosts are not available in the dry season months of February, March, and April. However, it is clear that small populations of D. maidis were able to survive during these dry winter months without maize hosts.
Dalbulus maidis is a major maize pest in Latin America, where it is a vector of three major pathogens (Larsen et al. 1992) . Therefore, it is important to develop an integrated management plan targeted toward control of this insect and plant resistance to the pathogens. Thus far, only a few studies on the survival capability and migration behavior of D. maidis have been conducted. The availability of irrigated and nonirrigated maize growing areas all over Mexico provided the opportunity to study survival and migration behavior of D. maidis in its natural environment.
The largest numbers of corn leafhoppers were found in irrigated maize Þelds at the Guasave (13) and Zapotillo (25) sites, both located in the state of Sinaloa in north Mexico. These sites harbor the largest maizegrowing regions operated by corporations in Mexico. The landscapes at these sites are not highly fragmentations, and maize is grown all year. Thus, these sites provide a highly homogeneous food resource for D. maidis throughout time and space, resulting in high D. maidis populations. It is unlikely that extreme difference in leafhopper numbers is caused by favorable weather because weather conditions in all coastal regions of Mexico are similar. Also, our collection results in this irrigated areas agreed with observations made by Nault (1990) , who found D. maidis adults on irrigated maize in the states of Morelos and Veracruz, both below 1,000 m, at the end of the dry season in late April and early May 1986. Also, Power (1987) found that the populations of D. maidis were present throughout the dry season in small irrigated maize Þelds in Nicaragua. Although irrigated maize Þelds throughout Mexico represent ϳ10% of the total surface devoted to maize each year, they are numerous and broadly distributed like islands. Each island could be thought of as a region, and Mexico has 97 regions where maize is grown with irrigations. These regions called "distritos" are important because leafhoppers do not need to travel long distances to colonize a new maize Þeld in the maize growing season. For example, the Zapopan site where maize is planted only in the wet season is surrounded by four regions where maize is irrigated. The Ameca, La Barca, Ciudad Guzman, and El Grullo regions are at 70, 102, 110, and 135 km, respectively, from Zapopan. Also, maize cultivated under irrigation during the dry season is important because it can serve as a source of corn stunt diseases. For instance, Hruska et al. (1996) concluded that irrigated maize provides a temporal habitat for the pathogens that cause corn stunt, which are transmitted to the wet season plantings and cause epidemic diseases like those in Nicaragua.
Because maize and teosinte are the only known reproduction hosts for D. maidis, it is not known where D. maidis overwinters when maize and the annual teosinte are absent in the dry season months of February, March, and April in the Sayula and Zapopon sites. We found D. maidis on perennial grasses at the beginning of the dry season but not throughout the whole dry season. Hence, D. maidis can feed on these grasses, but it is unlikely that D. maidis reproduces on them. Cynodon plectostachyum is a common perennial grass found during the dry season in Sayula, whereas perennial grasses such as C. bromoides, C. gayana, C. dactylon, and P. plicatulum are common in Zapopan. Laboratory experiments have shown that D. maidis does not use these grasses as developmental hosts, but can feed on them (Pitre 1967) , thereby conÞrming our data. However, the exclusion experiments showed that at least some D. maidis survived the whole dry season, when they appeared in the cages at the beginning of the maize growing season. Another possibility is indicated from emergence cage studies that leafhoppers can survive in low number and may overwinter not only in the harvested maize Þeld, but also nearby, perhaps in trees or shrubs. Larsen et al. (1992) found that, under laboratory conditions, D. maidis adults can survive without maize in moist sand for at least 2 mo. Thus, D. maidis adults may not need plant hosts for survival for a few months; moist soil may be sufÞcient. The survival rates of D. maidis in the exclusion cages were not high, and this is not surprising as the conditions are variable, with temperatures ranging between Ϫ2 and 33ЊC. Dalbulus maidis adults exposed to CSS survived in similar number as did nonexposed adults (Figs. 4 and 5), suggesting that exposed and nonexposed adults have similar ability to survive during the entire dry season. These results agree with those reported by Madden et al. (1984) , who found that CSS did not signiÞcantly affect corn leafhopper survival at 26ЊC during 15 wk. However, CSS improved D. maidis survival at 10 Ð20ЊC when D. maidis nymphs were provided only moist sand or maintained on oats (a feeding host) during 8 wk under controlled conditions (Ebbert and Nault 1994) . Similar positive effect in D. maidis survival was found when D. maidis nymphs were exposed to CSS under cooler (average 15ЊC) and warm (average 31ЊC) controlled conditions during 6 wk on moist sand (Ebbert and Nault 2001) . Perhaps survival of the corn leafhopper is improved only when they acquired CSS as nymphs rather than as adults as was done in this study. Further studies should test this hypothesis under natural conditions.
